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(54) Tltte: INK-JET PiU^^ MElSflOD A*to SYSTEM^^^^^^ PRINT EIp^lB^ 

(57) Abstract 




A mettiod and systcnj for detecting nonfunctional Ink-^Jets 
and compensating for- tiie nonfunctional iiik-^ 
printer (54). TTie ink-^ja printo (54) includes a pnn 
having a plurality of ink-^jets (192), each ii&^^ 
assigned to print respective dots on a x«spective last^ lide : of a 
recording medium in accordiw<^ 

^en an ink-jet (19i2): is dc^ as betaig (tefyctiVc^ at least 
a portion of said print mask is r^laced wilb: a replaccnient .. 
mask (500) such thiat one or more of the remaining ink-jets 
(192) of the pluraU^' bf 

ink-jet The metliod includes: : detecting when ^^^^ 
is nonfimctional; and when an ink-jet is detemlined to be 
nonfunctional, replacing at least a portion of the print mi^k (100)' 
with a replacement naask (500) such tiia^ pne or mpre^ . 
remaining ink-jets (192) of the pluraUty of 
for tiie nonfunctional ink-jet In oider to detect a nonfunctional element. e.g., .an ink-jet, in the printhead. the ink-jet printer system of 
the invention further inchidcs: a switching power supply (80), coupled to the ink-jet printiiead (44), for supplying power to the printiiead 
(44); an output capacitor (164), coupled to an output of the switching powier supply (80), for storing a dc voltage therein; a bleed resistor 
(166) coupled m parallel to the output capacitor (164), for discharging cunwit from the output capacitor (164); an output shifting circuit 
(164. 166, 172 and 174). coupled to tiie switching power supply, for shifting the dc voltage level across the output capacitor (164) from a 
low state to a high state; and a sensor (180), coupled to tiie output of die switchmg power supply (80), for detecting when the switdiing 
power supply (80) is switching, wherein an element of the printhead (44) is tested by measuring a test current discharging from the output 
capacitor (164) when Ae element is activated and comparing the measured test current with a reference current wtiich discharges from die 
output capacitor (164) through die bleed resistor (166) where no element of the printhead (44) is activated. The method includes: supplying 
regulated power to the printhead (44); storing the regulated power in a capacitor (164) so as to provide a dc voltage across the capacitor, 
shifting the dc voltage level stored in die capacitor (164) from a low state to a high state; measuring a test current discharging from die 
capacitor (164) when an element of die printiiead (44) is activated; measuring a reference current discharging from the capacitor (164) 
through a bleed resistor (166), when no elements of the printhead (44) are activated; and comparing the measured test current with die 
reference current 
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INK JET PRINTER, METHOD. AND . SYSTEM COMPENSATING FOR NONFUNCTIONAL PRINT 
ELEMENTS 

Relditff tHe Iriviention 

the invention relates to multi-pass ihkr^^^^ More particularly, the invention relates to a method and 

5 system for dMecting one br^^ thereafter compensating for the one or more failed ink jets with 

theremi^^^^ 

bescription of the Related techndloay 

Muhi'pass printing is a technkiue used to reduce banding in ink-jet printing. Dots of ink, when still in liquid 
10 form, tiehd to run together due to surf ace tension, This is referred to as coalescence. To print a high quality image 
it is important to print indiyidijal round; do^^^^ But to achieve fuf saturated colors, the dots must overlap to 
' : completely coyer By ohl| pn^ the image data so as t^ simtfltaneously printing 

adjafi^nt dots during horizontal 

adjacencies, the: transverse speed :pf t]i6 :prmtm^ two times the rated print speed 

:t5::::^:.::.:ottKec^^ • \;::;;:;;::::::i::±::;::^^ 

Multi-pass printmg is accdmptished by filteri^^ image data using a print mask to determine which dots 
are to be printed in each swath; A swath b defined a^ a r^kin^ or portion^ of a recording medium which is printed 
uppn by 3 giy^!! P^tViP PrintKead caili^^^^^ ink jets, as the printhead 

cjiitndgei^ 

20 pass of the printhead and is partially: p^^^ The printing of a swath is completed after it has 

. successively . advanced through eac^ 

In multi-pass printing, each jet of: a.printhead is assigned the role of : ejecting in as necessary,, onto pre- 
specrfied areas or ''dots' on a raster Tine which is currently in the jet's reispective print zone. However, a jet 
sometimes fails either due to being clogged or electrical problems in its firing circuitry. When this occurs, the pre- 

25 specified areas which are assigned to the failed jet in accordance with a respective jet mask, are not printed upon. 
Therefore, if one or nbre jets fail ad^ are many areas in which ihtiended ink drops are not deposited, the 
quality of the printed image may significantly suffer. 

Prior art methods have deaiji with this; problem by utirizing auxiliary jets in the printhead which are assigned 
the task of replacing failed jets, However, this method is inefficient because these auxiliary jets are inactive during 

30 periods when there are no jet failures. Therefore, the auxiliary jets represent printhead resources which are not fully 
utilized to their maximum potentiaL Additionally, in order to safeguard against situationis in which multiple jets 
simultaneously fail, not just one but a bank of rhultiple auxiliary jets are set aside in the printhead for taking the 
place of failed jets. Although printheads having multiple auxiliary printheads improve the reliability and quality of 
the images produced by the printer, these printheads are more costly, larger and, therefore, require more space in 

35 a printer than those printheads without auxiliary jets. 
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A basic premise of ink jet printers is that all ink iets must "fire" properly (i.e., eject ink droplets) or the 
quality of the present image may be degraded. The detection of nonfunctional ink: jets^ otherwiso referred to her^^ 
as 'open jet detection/ is a method of determining which jets Withm a printhead cartridge ^^^^^^^^ electHcaDy 
nonfunctional. This electrical non-functionality can result from open traces, damaged drop ejection resistors, changed 
5 resistance values, or poor contact between the cartridge and a "flex circuit" which provides control signals to the 
cartridge. All of these errors may cause one or more jets of a printhead cartridge to not fire, or fire improperly, 
resulting in anomalies in the printed image; 

Defecthre jets can also result from cloggod jet nozzles. Current open jet detection niethqils are unable to 
electronically detect ctogged jets that are sitiH electrically :CpiTect.^^^H^^ by executing a prime printing, pattern 
10 using a printhead: cartridge und^ 

manually input the aiidress or refierBnceid^^ 

The list of defective or nonfunctidharjets, btherwiie refierred to herein as the "op||j;i jet listr"'^ i^^^ 
nonfunctional jets in the respective prihthead cartrid|^. 6^ updating the o^ jet li$t> a user qfi the^^i 
may be notified as to when a printhead cartridge has an qnaeceptable number of nonfunctional jets. Additionally, 
15 prior art methods utilized this open jei fot to cdmpeiisate for the nonfunction^^ jets with one or more auxiliiary 
jets in the printhead cartridge. 

A common way of measuring current in a circuit is to measure the voltage across a resistor in series with 
the circuit. Prior art methods of detecting nonfunctional jets haye 

printhead circuitry as one or more jets in a printhead cartridge are f ired^ For exanfipje; assume that each of four 
20 cartridges has four sets of 14 jets. Firing all the jets requires a sequence of 14 separate firings for the 14 jets in 
each set. During testing, only one jet in each set of jets is turned on at any instant in time. There is a resistor 
in series with each set of jets for each cartridge for a total of 16 series resistors. The voltiage drop across a series 
resistor is due to a single jet firing. However, if no jet in that set is firing, the voltage drop will be zero. The 
voltage drop across each of the series resistors is typically connected through a diode to a common point and 
25 compared to a reference voltage. The output from the comparison is an indication of whether a jet is properly 
fiinctionmg. By firing each jet one at a time, h can be determined whether each one has electrital continuity. 

The above-described method becomes less desirable as the number of jets and, hence; the number of sets 
of jets, increases, necessitating an increase in the number of serbs resistors. These series res|$tor^^ waste energy, 
generate heat, waste board space and cost money. The prior art method also has limited functioriality in that it only 
30 mdicates that the current through a jet was greater than or less than some predetermined threshold. This typg 

indication does not distinguish between the different types of problenis which may cause an ink jet to misfire, or 
hot fire at all. For example, the prior art method cannot diistmguish between a shorted power fine, a shbiied address 
rme, or a damaged drop ejection resistor in an ink jet printhead. 
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Summary: of the Invention 

The invention provides a m detects nonfunctional ink jets in 

a jet grbuji aiid utifi2^^^ any remaining jets of the jet group to corhpdhsate f br the one or more failed jets in that jet 
groups without the utilization of otherwise idle auxiliary jets. The method aiid system of the Invention accomplishes 
this task by assigning new replacement jet masks to the remaining jets of the jet group such that alt areas, or dots, 
on a respecthre raistor line are accoim^^ furthermorie, theise rep^^^^ horizontally 
and vertically adjacent dots during a single pass of the primhead over the r^ 

In one embodiment of the invention, a system for cornpehsating for defective ink jets in an ink jet printer 
includes: a printte^ 
id: aisstpe^^ 

are divided into a plurality of jet groups, each jet group having at least one ink jet in each print zone; a plurality of 
jet group masks correspond^ to a respective one of said plurality^^ of jets groupsi^herein ea cb jet group mask 
allocates the p rinting of dots on a respective raster line to e^ach of the infe jets of a respective jet group* and a 
replacement jet group mask which re^^^^^ the jet group mask for a jet group haying on nonfunctional ink 

is jetS; Whisrein the re^^ dots to the remaining f^ of 

the Jet group having one or mpr^^^^^ As a result^ t jets so as to of 

the jet group compensate for the 0^^^^^ jets^v this in that jet group. In a preferred 

embodiment, the abdve-described systm of the invention dp^ jets which are idle during times 

: of :ndifmal op^^ 

20 In another embodiment, an irik^jet printer includes: a prihthead having a pluramy of ink jets, each Ink jet 

being assigned to print respectWe dots on a respective raster fine of a recording medium in accordance with a print 
mask, wherein when an ink jet is detected as being defecthre, at least a portion of said print mask is replaced with 
a replacement print mask such ttiat bnie or more of the remaihihii ink jets of the plurarrty of ink jets compensates 
for the defective ink jet. In a preforred embodiment the ab auxiiiary jets 

25 which are idle during times of normal operation. Therefore, the resources of the printhiead are maximized. 

in a furtte^^ when an ink jet in a jet group is detected as being 

non functional during a printing process, the repjacement jet masks assigned to the remainirfg f ttiictidnal ink jets in 
that jet group successively replace the original jet masks of each respectrae ink jet in that jet group one print zpne. 
at a time, per passof the printhead over the recording medium, so as to provide a gradual transition from the original 

30 jet group mask to the replacement jet group mask. 

As described above, if one or more defective jets are detected during the printing process, the method and 
system of the invention successively updates the portions of the print mask corresponding to only one print zone at 
a time. For example, if a defecthre jet is detected during printing, then prior to the next pass of the printhead over 
the recording medium, the jet masks corresponding to print zone 1 are updated and the printhead is then allowed 

35 to make another pass over the recording medium. Prior to the next pass, the jet masks corresponding to print zone 
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2 are updated, and so on. In this way, if a defective or nonfunctional jet is detected during the middle of a printing 
job, a smooth transition from the original jet group mask to the replacement jet group masked is achieved. 

In another embodiment, in the printer described above, the plurality of replacement jet maisiks are 
sequentially numbered and assigned to respective remaining functionail ink jets of the first jet group based upon the 
5 print zone numbers of the remaining functional ink jets such that ascending replacement jet mask numbers correlate 
with ascending print zone numbers; and when said first jet group is adjaM^^^ second jet group, the plurafity 
of replacement jet masks are assigned to respective remaining fu^^ of the second jet group based on 

a rotation scherne such that the order of assignment of the phirafity pf repbcement jet masks to respectiye 
functional ink jets in the second jet group is rotated when cprnpareil to the orde^^ of assignment of the plurality of 
10 replacement jet masks to respective functional ink jets in the; first jet group so as to; avoid the assignment of 
identical reptecemem j^^ mjisks to iWjacent ink jets in Bte pnnt 

The invehtibn further the nluHi-pass printing met^^^ or eri^n3te coali^cehce^b^^^ 

dots by f oDowing a compensation scheme which avokis the printmg of yerticaKy and horizontally adjacent dots during 
a single pass of the printhead oyer the recording mediufn. if adjai^ent jets; ar^^ 
15 assignment of the replacement masks to the remaining functiphal jists of a second jet i jgroiip is rotated such that 
adjacent functional jets do not have identical replacement ma^^^^^^ 

In yet another embodiment, a method of compensatjng for rionfunctibnal ink jets m an ink jctt printer wh^^ 
includes a printheild haying a plurality pf ink jets, eachi ink jet beirig assigned to print respiBCt^ d^^^^ 
raster line of a recordihg: med^ in accordance wrt^^^^^ When one or mtirli in^ 

20 determined to be nonfunctional; repiacing at least a portion of the print mask with a replacement print mask such 
that one or more of the remaining ink jets of the plurality of ink jets compensates for the nonfunctional ink jet. In 
a preferred embodiment, the abo verdescribed method do es hot u tifize auxiliary jets, which are idle during times of 
normal operatiph, to compensate for the one or more nonfunctional ink jets. Therefore, the resources of the 
printhead are maximized. 

25 The invention further provides significant advantages over the prior art by providRng a method; antt^ 

for detecting nonfunctional elements in a ink jet printhead that does not require series resistive elements to measure 
current in the printhead. In the method and system of the invention, the current required to fire an ink jet is not 
measured by measuring the voltage drop across a series resistor, but rather, by measuring the discharge rate of an 
output capacitor connected to an output of a switching power supply as one or more elements of the printhead are 

30 activated. By measuring the discharge rate of the output capacitor after an ink jet has been fired, or after a power 
line to the ink jet has been turned on, or after an address line to the ink jet has been turned on, for exiample, and 
comparing this test discharge rate with a reference discharge rate, the invention provides a very effective and 
accurate solution to the problem of determining whether there is a defecthre ink jet, a defect'nre power line, or a 
defecthre address line, for example. Once such a determination is made, information regarding a defecthre element 

35 of the printhead may be stored m memory. For example, if a ink jet is determined to be defecthre, its address may 
be mcluded in the open jet list described above which is stored in a memory of the ink jet printer. 



WO99/08875 PCTAJS98/16101 

As used herein, the term "element" may refer to any component, such as an Ink jet, a power line, or an 
address line within a printhead cartridge, or any bther cdmpoheht within ari ink jet prihthead cartridge. Additionally, 
when ah elerheht is said to be "activated," this teitn may refer to the turiiihg on of a power line or address line, 
or the firing of an Ink jet, or the turning on of any of the various other components in the ink jet printhead cartridge. 
5 As used herein, the terms "element" and "activate", and any combination or conjugations thereof; should be gh^en 
their ordinary broad meaning and scope. Additionally, unless otherwise indicatbd, the terms *'printhead" and 
--printhead caitridge** are used synonymously^ 

The improved dete^^^^^^^ measures tte^^ it takes for power supply 

capacitors supplying power tp one or mpre ink jet cartridges to d^^^^ of current. The average 

10 current supplied by the capacitpi^ during tfiat tim^^^ 

€>v€mge •■ • ■ 

whe^re C cajiiacttanpe of the power and 
dT is the tone measured for the ydliage change to odcur. A iwhchlrig powbr supply which suppGes power to the 
iiik jet cailridges b enhanced to provide this meamement capafiiiity by the addition ;of two functions; In a prieferred 
embpdmient, a first functipn increases the quiescent output voltage level by an amount equal to dV and thereafter, 

15 decreases. the; quiescent yoltagelevel to its^ ceusing the power SMPply to interrupt its switqhing 

operation unti the output capacitor (Ci) 106 discharges to its original quiescent levels. In other words, the switching 
power supply will temporaDy cease providing an output pube waveform until the output capacitor (C,) 1 06 discharges 
to the original teveis. A second functidh detects when the /switching. pPw after the 

voltage acrdiss the capacitors has deci^eaised to hs original leyel In this way, the time req^ for tlie output 

20 capacitor to discharge an amount of current w^^^^ equal, 
to dV can be nreasured. 

In order to detect clogged ink jets, the detdction^^^^^^ and syitem of the invention can also utilize the 
printing of a prime pattern. Thereafter, an operator can visually examine the prime pattern and determine which ink 
jets, if any, are nonfunctional. The operator can then manually input the reference designation or address of each 

25 nonfunctional ink jet into the open jet list, for example. As described above, this open jet list may be used to update 
print masks stored within a memory of the ink jet printer, or notify the operator when a particular printhead cartridge 
has an unacceptable number of hdhf unctional ink jets. 

In one embodiment of the invention, an ink jet printer system for detecting a nonfunctional element in an 
ink jet printhead, includes: a switching power supply, coupled to the Inkjet printhead, for supplying power to the 

30 printhead; an output capacitor, coupled to an output of the switching power supply, for storing a dc voltage therein; 
a bleed resistor, coupled in parallel to the output capacitor, for discharging current from the output capacitor; an 
output shifting circuit, coupled to the switching power supply, for shifting the dc vohage level across the output 
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capacitor between a low state and a high state; and a sensor, coupled to the output of the switching power supply, 
for detecting when the switching power supply is switching, wherein an elernent of the printhead is tested by 
measuring a test current discharging from the output capacitor when the elerrient is actWated and comparing the 
measured test current with a reference current which discharges from the output capacitor through the bleed resistor 
5 when no element of the printhead is actwate^^ 

In another enribbd^^ ink jet printer systm for d^tect^ in an Ink jet 

printhead; kicludes: means for supplymg regulated power to the prihtheadrc^^^ the means 

for suppjifing: regul^^^^^ power, for stqm^^ from the capacitor 

means; means for shifting| the dc ypttage level stored in the capacitor meians f irom a Jpvif j^ate to 9 high state; means 
10 for measuring a 

a nd means for comparing the measured test curre nt with a ref erente current Wtiu^ ca pacitor 

meam through only the m^^^ f or discharging^^ f^^ 

In a further embbdunent; a method of de printhead includes the 

acts of: supplying regulated power to the printhead; storing the regulated ppw^^^^ to provide a 

15 dc voltage acrosis; the capacKor;$htftirig the dc vohage level stored in the capacitor from a ^^^^^^ statelo a high state; 
measuring a test current discharging from the capacitor when an element of the prihthead is activated; measuring 
a reference current discharging from the capacitor through a bleed resistor; when no elements of the printhead are 
activated; and cqmparing the measured test cun-ent w 

20 Brief Description of the Drawings 

Figure 1 is a block diagram of the components of an ink jet printer system. 
Figurb 2 illustrates a pbrtibh of a print mask for a 104 jet p^^^^ 
to a six-pass multi-pass printing conf^uration. 

Figure 3 illustrates six jet masks corresponding to jet group # 2 of the print mask of Figure 2, each jet 
25 mask corresponding to a respective jet and a respective p^^^ 

Figure 4 illustrates the dots on the raster line which are printed in each print zone in accordance with the 
six jet masks of jet group 1 2 of Figure 3, as the raster line on the recording medium is successively advanced 
through each print zone. 

Figure 5 illustrates the printing configuration of successhre swaths of a recording medium as the recording 
30 medium successhrely passes through the su print zones of the prihthead of Figure 2 when using the print mask of 
Rgure 2« 

Figure 6 illustrates a first replacement jet group mask for a jet group which has one defectwe jet. In 
accordance with one embodiment of the Invention. 

Figure 7 illustrates a second replacement jet group mask for a first jet group which has two defective jets, 
35 in accordance with one embodiment of the invention. 
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Figure 8 illustrates a third repla^^^^ jet group which has three.defectwe jets, in 

accordance with : one: 

Figure 9 illustrates a fourth replac^^^^^ grdup mask for a jet group which has fbiir defecthre jets, in ' 
accordance wH^h one embodiments^ 
5 Figure IP illustrates the c^ mask of 

the first replacem 

Figure 11 jllustrates a portion of a print mask when jet 12 In jet group 12 is determined to be non- 
functional and jet group mask 12 has been replaced by the first replacement jet group mask of Figure 6. 

Figure 12 illustrates of a recording medium as the recording 
10 tnedium successiyely p through the; six printzpnes of the printhead of Figure 2 when using the print mask of 
Figure- 11, 

Figure 13 Illustrates identical replacement jet ma^ks^^^^^^^^ eiach print zone. 

Figure t4 illustrates the first replacement jet group^^i^^ rotated 

m a round robin fashion to be utiB^ 
:15 : Figure 15 iilu^^ 

rotated vqrsion of the^ fi lii Flg^re^ 

adjacent the first jet group; in accordan 

Figure 16 inu$tra^^^ circuit, co pmter cartrid^ 

;:to;detcrrn^^ 
20 inventions 

Figure 17 illustrates an ink jet matrix which exemplifies the relationship between each ink jet in an ink jet 
cartridge and their cdrresponding p 

Figure 18 is a response curve which illustrates s decrease m voltage level across an output capacitor as 
the capacitor discharges. 

25 

Detailed Describtion of the Pref erred tobbdiment 
The invention is described in detail below with reference to the figures. 

Referring, to Figure 1, various components of a. typical ink Jet printer 54 are niiistrated. These various 
components include the control electronics i jet printer 54 which are used to coritrol ink droplet ejection 

30 from the ink jets of a printhead cartridge 44 of a printhead carriage 42. A host computer 50 communicates with 
a processor 52 integral with the ink jet printer 54. The host computer 50 runs driver software which issues print 
commands and sends data to the ink jet printer. As in conventional ink jet printers, the processor 52 communicates 
with a display and keypad 58, memory 58, and drive circuits 60 which control the print carriage motor 62 and paper 
motor 63 as well as powering a fan 66. In addition, the processor 52 routes signals to print logic 70, which 

35 actuates the ink jets of each printhead cartridge 44 located whhin the printhead 42. The ink jet printer 54 further 
includes a switching power supply 80, coupled to the printhead cartridge 44 of the printhead carriage 42/ which 
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provides power to fire each individual ink jet of the cartridge 44. The system comprising the switching power supply 
80 and the printhead cartridge 44, coupled to the output of the power supply 80, is described in further detail below 
with reference to Figure 16. 

The processor 52, in accordance with internal firmyvare stored in a portion of the memory 58, selectively 
5 ejects Ink droplets from the mk jets of each cartridge 44. The prdgrammbig of the processor thus determines which 
ink jet of the prihthead cartridge 44 is assigned to be used to eject an ink drbplet onto any given grid hication of 
the printed image when the relevant swath being printed calls for a droplet at that^ In multi-pass 

printing, jfor example, the set of nozzle tp grid Ipcatkin assignments is cqmmpn|y referred tp as a print mask, and 
the prmt mask definition is stored in memory 58 in the ink jet printer &4* The function and operation of a print 
10 mask is described m funher detafl below wfi^^^ reference to Figures 2-T4§ 

Referring to Figure 2, one example of a print mask 100 having six print zones 102a^fi; and 17 individual 
jet masks 104 within each print zone 102a-f (for a total of 102 mdividual jet liiasks ISjtl, is illustrated. A separate 
print mask 100 is definedfor each print^node (number of passes) stippprtedyby the: device and is used/ unchanged, 
throughout the processing and printing of an image. The print mask TtIO is mad^ 
T5 that determine the dots fired by each jet of a printheM Theise ihdividu^^^^^^ 
adjacent jets on the printhead do not print horizbhtally Or vertlcallyy^a^^^^^ 
printhead across the recording medium. As descrilied above, by avoiding horizdht^^^^ 
anomalies and distortions caused by the coalescence of adjacent dots are substantially reduced. 

As shown in Figure 2, the ind^ 

20 number of passes for which that print mask was designed. A set of jets having one jet from each zone makes up 
a complementary jet group. Jet masks for each jet in a jet group make up a jet group mask. For example, jet mask 
rto.'s 2; 19> 36, 53, 70 and 87 make up jet group mask rib^ 2. Fip^^ 

mask ho. 2 which includes the six jet masks 2, 19, 38, 53, 70 and 87. These six jet masks 2, 19, 36, 53, 70 and 
87 correspond to the six print zones 1, 2, 3, 4, 5 and 6, respectively. 

25 During printing, each print zone 102a-f prints a swath of the recording medium. Referring again to Figure 

2, a swath may be defined as the set of seventeen vertically adjacent raster lines on the recording medium within 
each respective print zone. However, it is understood that the invention is not limited by any specific number of 
raster fines in a swath or jet masks in a given print zone. Different embodiments are envisioned which contain 
different numbers of raster lines per swath and/or jet masks per print zone. 

30 Referring to Figure 4, each jet mask 2, 19, 36, 53, 70 and 87 of the jet group mask of Figure 3 is 

illustrated within its corresponding print zone 1-6. Each raster line in a swath is printed by a single jet group with 
the work being shared between the members of that jet group. For example, during a first pass; of the printheiad 
over the recording medium, a swath of the recording medium is in print zone #1 and the second jet of the printhead 
belonging to jet group 2, prints dots on a corresponding second raster line 302 of the swath in accordance with jet 

35 mask 2 of Figure 3. Figure 4 further illustrates the allocation of dots on a single raster fine 302 in accordance with 
jet masks 2, 19, 36, 53, 70 and 87 of jet group mask 2, as the single raster line 302 advances through each print 
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zone 1-6. As shown in Figure 4, jet mask 2 indicates which dots on the second raster line that jet 2 is responsible 
for pniitihg. If the image; re^^^ \t responsible for, this dot 

is printed during the firist pass of the prirrthead over the swiath in print zone 1. 

After printing the swath in print zone 1, the recording media is advanced by an amount equal to the size 
5 of one zone such that the swath is now in print zone Z When the swath is in print zone 2, the second raster line 
302 is afigned with a jet of the printhead which is a member of jet group 1 In print zone 2/ the second raster line 
302, which has been partially printed upon by the second jet when it was in print zone 1, is now printed upon, as 
necessary, by the nineteenth jet of the printhead during a m of the printhead over the recording medium. 

As discussied above, the nmeteen^^ its cprresppnding jet mask 19 is the next member of jet group 2 which 

10 is responsibly for printing the second raster line 302 in the swath. Jet mask 19 allocates which dots are printed 
by the nineteenth je^^ 

. Afteir printing thi^s^^ print zone 2, thlB fe^^^^ aii amount equal 

to the: si2e of one zone such that the swath is now ih print z^^ second raster line 302 is 

aGgned with ai 36th jet of ■ the printhead ■■ and: i$ priiitc^ upon, as necessary^ liy the 36th jet in accordance with jet 

L IS "niask: 36i 

the abbve-desiiribed pro zone. As 

shown in RgMf e 3; after t^ each of thie 

six print zqines. aH t^^ dots of 30^ are ac^y teitii: "dipt-' refers to any 

areaijrfvany;;^ 

20 F^ure 5 illustrates adjacent swaths of a recdrdihg miei^^^^ various stages of a six- 

pass (hence, .six zone) printing process, the configuration of dots on the recordingimedium represents all the dots 
which may be printed iil a given zone plus all previous zonies. : Ih.ihe example. shbwji, the image to be printed on 
the recording medium is a soBd Imaige, otherwise known as a *cb!drfill,* covering entire printable surf ace area. 
As shown in Figure 5, each dot is within a square box which represents the area on the recording medium which 

25 is intended to be covered by the dot of ink. However, it is understood that these square boxes are illustrated merely 
for purpoisesof distinguishmig the different areas or '^dots!!' on the r^ording medium and are not vis^^ pn .^he actual 
recording medium. It is furtherjunderstood, that the dots printed on the recording medium may have overlapping 
areas such that there are. no spaces betvveen adjacent dots if a spjid Image, or full "cplpr fiir is desired. 

Open jet compensation is a modificatbn to the *multi:pass printing method described above, which allows 

30 for the use of information regarding defective or hon fuhctiohal jets to dyniamically modify the print masks of a 
printhead to compensate for the non functional jets. This type of compehsatibn scheme typically results in minimal 
degradation in print quality and no degradation in priiiting speed when there are relathrely few defectWe jets in each 
jet group. Although the following discussion focuses on a printhead configured for six-pass mode printing in six print 
zones, and having seventeen jet groups, each jet group having one jet in each print zone, it is understood that the 

35 invention may be implemented in printers having printheads with different numbers of print zones, jet groups and jets 
in each jet group. 
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If a jet group contains defective jets, the jet masks for the entire group are replaced with a replacement 
jet group mask that is appropriate for the number of functional jets remaining In that group. In one embodiment, 
the maximum number of jets m a jet group is 6. Therefore, replacement jet group masks have been defined for 2, 
3, 4 and 5 jets remaining. These replacement jet group masks take the responsibility of ft^^^^^^ from the 

S defecthre jets and assigns the responsibility for printing the entire raster fine to the femainin 

'■' that jet grpupi^ " " ... . 

Defecthre jets can result from open traces/damaged drop ejectipn resistors; chan or 
poor contact between the cartridge and the "flex cjrcuit' which provides control signals to the cartridge. As 
discussed above, defective jets can also result from clogged jet nozzles. All of these errors will cause a jet or jets 

10 not to fire, resulting in anomaHes in the printed imajge. The invention may utilUe any well-known me^^ 

of detecting defective jets iri ink-jet printers. After oM or deteniriihed to be ribh-fu a 

lirt of the aaf ect^^^^ ink jet 

printier, and stora^ whhi^^^ jnk-jet printer* Thii ^ jetSi may the||^^^ 

necessary to update the print ma 

15 ffhprovips^^^ 

ihic jets and cPmpen^ jets with tin^ fiinctmnal ink jats.^^ T^^^ novel 

detection method and system is des^^ detail tetow vyith r^^ 

Referring W Figure IS/ assui^ 
replacemeht jet g^^ O^'^^t' iii brder to alio batd lirint ing 

20 of the entire raster line to the five remaining, functional jets of the jet group. The first replacement jet group mask 
500 includes individual replacement jet masks 501-505. When one of six jets in a jet group fails, that jet is shut 
off, or cbmpletely masked, and the original jet masks for the remaining five functional jets of that jet group are 
replacedby the replacement jet masks 501-505. 

For example, if a first jet corresponding to the first print zone has been determined to be non*functional, 

25 the first jet in the first print zone is simply turned off, or completely masked, such that it emhs no iiik, and 
replacement jet masks 501-505 are assigned to the remaining jets of that jet group. In one embodiment, the 
replacement jet masks 501-505 are assigned to the remaining jets such that replacement jet masks 501-505 are 
assigned to the remaining functional jets for that jet group by order of ascending print zone numbers for each 
remaining functional jet. If the jet corresponding to print zone 1 has failed, then the first functional jet, by order 

30 of ascending print zones, is the jet m print zone 2 for that reispectjve jet group. TheriBfore, replacement mask 501 
IS assigned to that jet in print zone Z Similarly, the replacement mask 502 is assigned to the jet in print zone 3 
for that respecthre jet group, and replacement mask 503 is assigned to the jet in print zone 4, and so on. 

However, if the non-functional jet was determined to be in print zone 3, for example, the first functional 
jet would be that corresponding to print zone 1. Therefore, replacement mask 501 would be assigned to the 

35 respective jet for that jet group in print zone 1, replacement mask 502 would be assigned to the respective jet in 
print zone 2, and replacement mask 503 would be assigned to the respect'nfe jet in print zone 4, and so on. 
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As shown in Figure 6, by replacing the original jet group mask with the first replacement jet group mask 
;: sop, when a jet of a jet group i$ determ^ for the non- 

functional jet is allocated among the ie^ functidnal jets, tii this; way; a cbmplefe raster line 5^ having no 

dots unaccounted for; may still be pro^ 

5 Referring to Hgure 7, a second rep^^^ 

jets is illustrated, the second set of replacement itiasks 600 includes replacemeht masks 60 1 ■604 each 
corresponding to one of the four remai^^ 

with refereiice^ Figure 6, the repl^ jets by order 

of ascending print zone niiir^ef^ has npn:fun^^^ zoii^s 1 and 4, the first 

10 :: functional jet would be that in priht zQ in print 

zone 2^ reptacemnt mask 602 wo^^ zone 3, replacemeiit mask 603 

would be assigned to the CdrreSfidndlh^^^^ thi^ 

cbrrespdnding jet in print zdn0 6: As shown In F %u^ 

functionsil jets of a jet:gr4)up having two non^funcfiip^ dots 

IB^ W^ 

Figure 8 Okistraies a third ireplaceni^nt j^^ girdup riria^^ thrde non-functional jets, 

the third set of replacenibht maski. 70d^ ta the three 

remeinm^^ In p.ne embodiment, the 

replacemfin^ 

20 discussed above with reference to Figures 6 and 7: shown in Figure 8^ the repbcem masks 701-703 allow 
the remaining jets of a jet group, having three non-f unctional jets^ to print a complete raster line 704, with no dots 
uneccDuntedfor, 

Rgure 9 illustrates a fbliith set of replacement tridsks 800 for a jet group having four non-functional jets. 
The fourth set of replacement masks 800 indudes replacemem masks 801 and 802,^^ w are allocated to the two 
25 remaining functional jets of a jet group determined to have four non-functional jets. Iii one enibodiment^ the 
replacement masks 801 and 802 are assigned to the remaining jets by order of ascending print zone numbers, as 
discussed above with reference to Rgures 6, 7 and 8. As shown in F^ure 9, the replacement masks 801 and 802 
allpvy the remaining jets of a jet group, having four nonrfunctional jets, to print a complete raster line 803, with no 
dots unaccounted for. 

30 In order minimize coalescence and to maintain full: speed printing, hdftzdntally adjacent dots are avoided in 

the design of all the replacement jet masks. For this reaisibh, at least two jets in each jet groiip sHbuld remain 
functidnal for the above-described replacement scheme to avoid the simultaneous printing of horizontally adjacent 
dots. As described above, the simultaneous printing of adjacent dots often results in coalescence and a degradation 
in printing quality. Therefore, in one embodiment, if there are less than two functioning jets in any jet group, the 

35 operator is instructed to use a print mode with more passes or to replace the print cartridge. 
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Figure TO fflustrates the replaw™^^ of the first replaMment^j^^^ 500 assigned 

to the remaining jets of a jet group having one non-functional jet each remaining jet being a respective: print iQne, 
• As shown in Figure 9, the defective. Of nonrfunctlWiCjet is Icrtiiated in print zoi^^^ 

1 is completely masked, or turned off, such that no dots are fired onto a respecthfe rast^ fine of a recording medium .. 
5 in print zone 1. As the recording medium (e.g., a sheet of paper) advances under the printtiead in the directta 
arrows 2Q1, the raster line advance to the next print zone and thi iWxt >t^^^^ respecthre jet group may print 
dots on the rastar fine in accordance with the replacement jet mask 501. As the recording medium continues to 
advance in the direction of th? arrovi/s 902, the raster fine successwely passes through each of the priht zones and 
the succe$siye jets of the respective jet grqu^ print dots on the raster line in accordance with their respecthre 
10 replacement masks 501-505,^ 

or designated printing area, on the ra 

Figure 11 shows a poijion of a print mwlc haying the first^ re^^ Figure B 

assigned to jet grpijfr^ group li has 

12r in P^^ 

15 ftiTMpectiViifi^ TOe;iiitiap^ 

masks 501, 502, 503, 504 and 505 (Fig. 6), respectively, so as to compensate for the non functional jet 12. 
Figure l^iilustratM^^ a recording niediiirn 

a six-zone printing process, with the first replacement jet group mask 500 of Figure 6 assigned to jet group 12. 

Note that raster line 12, corresponding to the non-functional jet 12, in print zone 1, does not have any dots printed 
20 on it. However, as this raster fine advances through each of the successive stages, will be completely ''filte 

with dots. As shown in Figure after raster lin completed printing in print zone 6, all of the dots of the 

raster line are filled in. 

In Figure 12, the configuration of dots on the recording medium represents all the dots which may be 
printed in a given print zone plus all previous print zones. In other words, in the example shown, the image to be 
25 printed on the recording medium is a soBd block of ink covering the e^^^^ 

to as a color fill As shown in Figure 12, each dot is vvfthih a square: box wto^ riBflreMnts W iarea on the 
recording medium which is intended to be covered by the dot of ink; However, these square boxes are illustrated 
merely for the purpose of distingui^^^^ areas on the recording medium and are not necessarUy visible 

on the actual recording medium. Furthernipre, the dots printed on the recording medium may have overlapping areas 
30 such that there are no spaces between adjacent dots H a solid image^^ i^ 

For a ghren number of ndri-f uncttonal jets in a jet group, the same set of replacement masks, corresponding 
to that number of non-f unctwhal jets, is u^^ regardless of vvhich jet in the jet group is identified as defectwe. As 
shown in Figure 11, when replacement masks are applied to the overall default print mask for the entire printhead, 
some vertical adjacencies will occur. The occurrence of these vertical adjacencies is infrequent and results in minimal 
35 quality degradation. 
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.Jilovy^^^ 

grgijps;;^: 

defective jet. The first set of replacement jet masks 500 of Figure 6 is used for each of the adjacent jet groups. 

; 5 A^^^^^ 

;"' * M': vpiwi^^ • SdjlceM^^ • Mtfip'^^^^^ 'reiiw W piD^j^sceni^b^' and^ 

consequently, significant print quality degradation* 

In order to avoid using identical replacement masks for adjacent jets in a print zone^ a rotation scheme is 
used for the placement of the replacement masks. For example, if a jet fails in jet group 1, then the replacement 
10 jet masks 501-505 (Fig. 6) are successively applied to the remaining functionar jets of jet group 1 in the order 501, 

: prnit zbWe h^^ falls in jet flrbiip^^?^^ 

such th^ they are applied^^t^ 
501. This rotation prbtess is 
15 deti^ 

503, 504, 505, 501 and then 502, L ' ^ ^ 

Figure 14 illustrates the first set of replacement masks 500 after fts replacement masks 501-505 have fae^^ 

of a jet group is now .502, 503, 504, 505 and then back to 501. Note that replacement mask 502 is now the first 

theiun^ 

^^^^^^^^^^ ; • B^^^^ 
vertipal-iadja^ 
2I c^^ 

;seicqnd^^ 

jet groups using the rotation scherne dj^trib In print zonq 2,; replacement liiask 50 applied to a first 

Iremaining f^^^^ the first jet group, while replaceme^^^^ is applied tb a siecond r^airting ftin 

jet^ adjacent to, tN group, liius,. there are no vertical adjacencies between the 

30 : : dots printed by: the remaining fun^^^ 1- : Simitifly, in eac^ the bther print zones 3^6 there 

art no identic^ re^^^ 

If hew def ectwe jets ai^^^^ 

zone of the print mask per pass of the printhead, allows for the smooth transition to open jet c^^ 

zone 1 always prints on an unprinted swath of the recording media. Print zone 2 always overprints the region 
35 printed by zone 1 and must use jet masks that correspond to the ones used by zone 1 in the previous pass of the 

printhead, etc. if a new defective jet is detected in the middle of printing job, pnjy the jet masks corresponding to . 
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print zone 1 are updated for the next pass the printhead. After completion of that pass, the jet masks 
corresponding to print zone 2 are updated but the jet masks corresponding to the remaining zones are left unchanged. 
This process continues until all the zones have been successively updated to the new masks in order of ascending 
print zone numbers. In this way, a corresponding raster line which has been successfully printed In a print zone. 
5 prior to the failure of the defectwe jet, completes its subsequent stages in any subsequent print zones in accordance 
with the original jet masks for the respectWe jet group responsible for printing that raster Bne. 

the f oHoWipi des^^^^^^ an improved detection method and system for detecting nonfunctional ink jets, or 
pther^ is utilized in a preferred embodiment of the invention. However, it is 

understood that the invention is not Bmited to the below-described detection method and system but may utiTize any 
10 detection method and system which is now or will be known m the art. 

. Referring to Figure 16, a schematic diagram of a circurt for open jet detection in accordance with one 
embodiment of the invention, is Blustratei The circuit 160 includes the swhching;^ower supply BO of figure 1 
which outputs a pulse square wave (V J to an inductor (LO 162, coupled to the output of the power supply 80. 
Coupled to the inductor {U 162 is a capacitor (C,) 164 which, together with tlie output inductor (L,] 162 forms a 
IB low-pass filter for the output of the switching power supply 80. As shown in Figure 16, the output (VJ of the 
switching power supply 80 b a pulse square wave having a period T. The low-pass filter, comprising the inductor 
{LJ .162 and the output capacitor (C,) 164, converts this output pulse square wave into a dc output voltage (VJ 
which is stored in the output capacitor {C,l 164. An output "bleed" resistor (R,) 166 is coupled in parallel with the 
: qiitpiit?;q| a slow current drain which discharges the output capacitor (C,) 164 at a 

20 rate which is inversely proportional to the value of the resistance of the bleed resistor (R,) 166. Switching power 
siipplies^^^^ fi'^®^^ ^^^^ ^^^^^ described above, end their principles of operation, are well-known 

in the^rt^^^^^^ discussion of the function and operation of the switching power supply 80 and the 

IdW.paslbut and the capacitor (Ci) 164, is not provided here. 

In order to regulate the output voltage V,^ of the switching power supply 80 and hence, the dc output 
25 voltage Vc present on the capacitor |C,) 164, a feedback circuit is coupled to a feedback port (FB) on the switching 
■ power si^ply^ 8^ 

164, which divides the dc output vpliage (V^) into a desired ^pback volt ag$ ^^^^^^ 
feedbaMpQrtofthesvwitcW 
a third resistor IR3) 170^ As is weltkhown lrt^^t^^^ 
30 :of :V(^:R2;;ahd::Ra::by:thiEi ■ 



In order to regulate the dc output voltage (Vcl the feedback vohage (Vfe), which is directly proportional to 
the dc output voltage Wc), is compared to a reference voltage IVk,) to determine whether the output voltage (Vc) 
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; is witbiiii ^^c^ 

soUite fi;onfi|^Hsing;|(Q 

: i 

: v5 ; schema briefly described above, are weil-known in the art and, therefore, need not be further described herein. The 
switching power supply 80 may be any conimerciaily available power reoulated 
dc output voltage tVc). In one embodiment, the desired output voltage {Vc) is 13.5 volts at 8 amps, and the values 
of the various above^described discrete components are provided in the follovving table: 

10 Li C, R, Ra Ra R4 ^ Re 

1KQ 1.e5KQ 1KQ 100KQ Z2^f ZOKQ 



44 of Figiirc 1 :H E^ch p^iW^^^ 

20 V 
..... Ink jets J 
: mk Jets itiSZ:; lii dWer to "fire'^^a^^^ 

tiirSed iSft'i^^^ cdnductlbnlp^ 

; electric! grw 
25 jet: 192a| as shbwnm^^^ 

iswitch lis^ icti^^ aijiareis lm^ jet Taf2a; W^^^ 

above, the switches 190 cqrrespq^ 

Hnes A|rAi3 may bjB bipolar NPN traiisiistors which are actuated by providing a specified current to their bases. 
However, other types of transistdrs and/or s^^ 
30: . in acM^ 

Referhng to Figure 17, an ink jcit matrix 44a, cbrriespqhdi^^^ oif Figure 16, is 

: iliustrated. The ink jet mauix 44a ilhistrates the relatwhsHipetween each 
and address lines. Each of the power lines P,-P8 is turned on and^ 
corresponding to the respective power line is desired to be fired. Similarly^ each of t^ 
35 on and of f depending on whether an ink jet 192 corresponding to the respective address fine is desired to be fired. 
Figure 17 further iliustrates that, in order to fire ink jet 1d2a, for example, the svvitch 190 corresponding to power 
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line and the switch 194 corresponding to the address line As must both be dosed so as to provide a dosed 
electrical circuit from the dc output of the power supply to elettncal y round for that particular ink jet. 

Figure 17 IS not ain electriipal an illustration of the cprr^^ 

between a power line and an address line for each w 192 are not 

necessarily arranged on a printhead cartridge 44 (Figure 1) in a matrix configuration as shown in Figure 17. Nor 
are the iniclps t92 directly coniieidtea|ft^?^^ 

embpdiment> each ink jet 192 is Indepciride^ the firing 

qf iqrieinV 

is'cbupljediM 

Snes Ar Au : ii ; jCoupl|^ : firpunlil In 9 ir^i: i^^ ^nm|^ own se pirate pnd 

independent power lines PrPf* However, the address lines A,-A,3 are common to all the prlnthead cartridges 44 
■■■ \wtthin: i::.prifrt^ 
continua oe toward the next printhead cartridge 44 within the carnage 4Z 

Referring once again to F^ure 16^ the open jet compensation circuit 160 ftirther includes a pull-down 
resbtor {RJ 172 and a pull-down switch 174, coupled in series with the pulMown resistor 172, In one embodiment* 
the pull-down switch 174 is a bipolar NPN transistor^ As shown in Figure 16, the pull down resistor (R4) 172 and 
tjieplMtiq^ 

with the third resistor (R3) 170. 

The regulated dc output voltage (VJ may be incremented by a desired amount by closing the switch 174 
and thereby liuffi^^ 

the switching power supply 80. By turning on the transistor 1 74, an electrical conduction path is provided bet w 
the pull-dbwn resistor (R4] 172 and the circuit ground, thereby effectively adding the pull-down resistor (R4] 172 
in parallel with the third resistor (R3) 170 of the voltage drvider resistor network. By adding the pulj down resistor 
IR4) 172 in parallel with tte third resistor (R3) 170, the effective feedback res^ |h(B V^jiiP 

of the effectiye fe^^ 

_L = (^JL^ . ,3, 



Because the feedback vbha^^ is directly prdponw the eff^cllye feed|)|ick ife^ 
decrease in (Rn) leads to a prbpbrtibnal de^^^^ in (VpeK When the feedback (Vp^ is decreased by t^^^^^^ 
on'the pull-down transistor 174r thereby decreasing t^ the svyjtching : power supply 80 

compensates for this decrease in feedbiack voltage by increasing the regulated dc output voltage (Vc). The switching 
power supply does this by mcreasing its "switching duty cyclOi* i.e., providing a longer pulse waveform to the low- 
pass filter compristfig the output inductor (Llj 162 and the output capacitor (C|) 164. The pulse square wave begins 



xhargjng tfiiB ou^ 164. The 

: swfi cMnj^ pbw^r^^^^^ 80 diqiitlrjuiE^ td prbyliti^^^ iowrjpass filter until : the : 

regttlat^cj iiiW until'the 
directly proportional feedback voltage (Vpg) reaches its previous voltage levels prior to the pulldown transistor 174 
being turned on. At this point, the regulated output voltage (Vc) becomes: stabilized at its new higher value and the 
switching power supply 80 temporarily ceases switching. 

After the regulated dc output voltage (VJ has been elevated to its new voltage level, it may then be 
decreased to its original voltage level by turning off the transistor 174. By turning off the transistor 174 the 
eff|ttW| 
resistpi^^(^^^ 
supply fii^ 

^wty^rfofm^^ ■ 
current disdiarges from the capacitor (C|) 164. When no Ink jets 192 are being fired^ or no power lines PyP^ or 

. : ;■ ajdaiiieiwi^ iare^f ur^ ^output- - • • 

;;;^;V-r;es!u^ 

and inversely proportional to the effective output resistance. • : 

o(utpUt 

voitagft is In a iiit^^^ 
At timie t j; 

value of Ra T7D; this prdjibrtipnally In bi^se^ V^: Which iA tiiriii iridlicsiti^jii atbi^he $ii^it^^ 

power $u|3ply :iBll;dia the regiiiibted output voKsige Vte^ point, the switching 

not proyidihg a piilse square wave output signal to the inductbr {l^Y 104 and capacitor (Ci) 164 (Figure 16) and the . 
swrtchifisi pd^ 

From t| to t2, the output ; capdchpr; (Ci j 1 64 discharges at a rate which is : inversely prdporfronal tb the 
resBtance frdm. the discharge of the 

putfiut;cap(^^ 

by; the: resppnslc^^ Ai'discuss^d^a^ 

lihiBS are tufilW^^^^^^ equal to (Ri) 166; cpuple^ 

in palrallel with thiB sum of the serlbs reslstb^^^ (R^P 173. However/ fbr purposes of the fPlibWirig 

discussion, we will treat the effective output resistance as being essentially equal to the bleed resistor- 168^ 
approximation does not change the analysis provided below. The time required for the output capacitPriCt) 164 tb 
discharge through the bleed resistor (R,) 166. such that the regulated output voltage (Vc) decreases from (Vh) to 
(Vreg)' ^ illustrated as r *- t, * t,. r is referred to herein as the reference discharge time period. 
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By measuring the reference discharge time period r required for the output voh 
a value of to Vaeg/ a reference value which is inve^^^^ 

output of the switching power supply 80 is obtained. This output reference current ((|^) indicates the amount of 
currenl puHiBd from the swit^ 

5 and all address lines A,^Ai3 are tii Thii ref iereiice^^ disch$|rge jiendd is measui^d from the; point when^ the 

pull-dqWn tran^^^ {Rg; IB) 

its new h^Hbr vahie^V^ power sl^pply resumes Le^ outpiitting 

a piiise^^^ pciWer sj^iRiy 

Ijiutee waye^^ rec^icte the ti^^^^ 

id ^ansbr tM; rnay; be any one of numc^ro^ are; tifii^liii^^^^ 

nveB-knowninthe art; 

Sindar to the method of obtaining the reference discharge period described a||9ve« a test discharge period 
may be obtained for each of the following conditfaiils: (.1) when only a power line PfPs Is turned on; {21 when only 
an addresa Ime A|-Ai3 is turned on; and (3) when a jet is turned on ri.e., its corresponding power line and address 
15 line Is simultaneously turned on). In one ^mbodnient, the above-described test discharge period 7-,esi is measured for 
each of the power lines P,-P8, each of the address lines A|-A,3, and each of the ink jets 192 one at a time. For 
example by turning on each power line ?yP^ one at a tkne, without tuming on any of ttie address lines A,*A^3; each 
of the power lines may be individually tested. Thus, each element of a printhead ca^tdge 44 may be 
individually tested. 

20 ^ As discussed above, in order to fire an ink jet 190, a corresponding power line and address line must be 

simultaneously on to create a closed circuit which is electrically coupled between the output of the switching power 
supply 80 and electrical ground; Only then does th^ switching jib^ sijpply 80 provide the desired vioh^^ arid 
current across the respective Ink jet to be filed: Thereforei, when a pbwer li^^ is turned on without turning on any 
address line, ideally, there should not be a closed circuit coupled to the output of the switching power supply 80 

25 and, consequently, there should be no adiiiitional current draw from thei capacitor (p,) 1 64. v -:"' -^ --:fe' 

turning on each power line/ one at a time, whh ttie turning off of the ptiU^^ l|4: ai; jt^ it tm 

be deterihiried whether 

turned on. Since there should be no addjt ional current draw from a : sing p o wer^;H^ sire: 
simuitaneousiy on, th^ discjti^riBe pen^^ 
30 : the t]9$t: disct^rge pe^^^ 

necessarily indicates that additional current is being drawn by the tiilniiig : p ri of that respective pow As 

sshbwh in Figure 18, if the^t^ 

is substantiaSy shorter than r, the respepthre pow 

closed circuit to electrical ground associMed with that power line. In one embodiment if the test discharge period 
35 7-,^ is less than 30% of the reference discharge perrad h this respective^ 
or nonfunctiohaL 
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In the ciituit^te 16, the turnihg on of a pdwer^fi^ 

on a respeclwe power line during testing 0^^ 
iis used ta turn 0 

:l (Fig. 1). As explained in further detail below, the 1 /16th duty cycle of the ''actuar pulse which is used to fire an 
. ink jet 192 when compared to the "test* pulse which is used during testing of the power line, must be compensated 
for by dhriding any measured current drawn by a power fine during testing by a factor of 16. The increase in duty 
cycle of the test pulse allows adequate time for the output capacitor (Ci) 164 to discharge by an amount 
proportional to dV during testing of the power lines. Additionally, the increased duty cycle allows a more accurate 
10 measurement of the characteri^^tics of the power fine. 

in 

similar^ address 
line may be identical to the procedure for testing a power line and, therefore, need not be repeated here. 

■'IB '"hy-'Uic^v-eriu^^ C"Vk;iiw/tf^ 
ciiange irt^".^ltii8i^^ 

measured for the voltage change to occur* From this equation, we see that the current drawn from the output. 

^^^^^^^^^^^^^^^ i^^^ 

;. : the tim t hei;; WltajgiEt^ ■ 

equation is obtained^ 



v25 whiere lipii, is the total amount ^current drawn from the output capacitor (G,) 1 64 wheh^ain i^ 
the ahfiotint of current dr^^ is fired, Ip is the^ emdU^^^ 

single power line: when it is turned on^ ^ 

I, is the aniount of current drawn b^ 
address line should draw negpgible 

■ 30 ■ wm. ' " 

By rewriting the above equation in terms afdisc^ are ihverse^^^ proportibnal to the 

respective currents^ the fbllowihg eq^^ 
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where is equal to the measured discharge period when a single ink jet is fired, J, represents the discharge period 
which is Inversely proportional to the actual current drawn by only a single ink jet when it is fired, P. represents 
the discharge period which is inversely proportional to die actual cun^ent drawn by only a single power line when 
it is turned on, A« represents the discharge period which is inversely proportional to the ^etual current drawn by only 

5 a single address line when it is turned on, and r is equal to the reference discharge period (Fig. 4) which is inversely 
proportional to the amount of current drawn by the bleed resistor 168. 

Because the bleed resistor 166 continuously draws current from the capacftor (CJ 164, any measured 
values of current drawn by firing only a single power line^ or only a single address fin^ or by firing an ink jet^ must 
take into consideration the continuous current drawn by the bleed resistor 166. With this in mind, we ohtain the 

10 following equation with respect to the measured current drawn from the witching power supply when only a single 
addrBSS line is turned on: 




where A„ represents the measured discharge period required for the capacitance voltage to change by an amount 
dV when only a single address line is turned on. Note that the contributton fro^ 
15 164 through the bleed resistor (Rl) 166 is represented by l/r. From Equation 6, we can obtain the actual current 
drawn by the address line as follows: 




Similarly, the measured current drawn when only a single power Gne is turned on is represented by the 
following equation: 




20 
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where P„ lithe measured discharge period for the capacitance voKage CVc) to change bf 

a single power line is turned on. As explained above, the fact that t/P. is multiplied by a factor tif 16 is due to 

the fact that during the test mode. 

The power line is turned on for a duration which is 16 times the duration that the power line is turned on 
when firing an ink jet during normal operation nf the ink jet printer^ in other words, during actual operation of the 
ink jet printer, an ink jet is fired by "pulsing** the power line at a duty cycle which is 1/1 6th of the duty cycle of 
the power line during testing of the printhead From the above equation, we can obtain an equation which represents 
the actual current drawn by firing only a single power line during actual operation of the ink jet printer as follows:. 



P 16P^ 16t 



::By:::Tearranging::Equation 5: abovei we: 



(9) 



J_=JL-_L-J_-1 

Jm Pa ^ 



6y plugging in the values for 1/A. and 1/P, obtained atove, the following equation is obtained: 

_1 = J_ + J- - 1 _ J_ 

am mm 



(10) 



(11) 



As explained abovei J„ equals the measured amount of time required to discharge the capacitor such: 
that its Vdltage level drops by an amount equal to dV when a single ink jet iS: fired, r represents the amount of 
time dT required for the voltage capacitance to decrease by an amount equal to dV when no elements of the 
printhead cartridge are activated. Pq, is the measured time period required for the capacitor to discharge by an 
amount equal to dV when a single power line is turn on. And finally^ A„ is the measured amount of time required 
for the capacitance to discharge by an amount equal to dV when only a single address line is turned on; By 
measuring each of these values individually, a value for 1 /J, may be obtained. As discussed above, 1/J^ is directly 
proportional to the actual amount of current which is drawn from the switching power supply by only a single ink 
jet when that ink jet is fired, not including any current drawn by the bleed resistor 166. nor any defective address 
or power lines. By obtaining the actual amount of current pulled by only a single ink jet, a determination may be 
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made as to whether that Ink jet is dijfectwe, e.g^, its: drop ejection resistor is damageii/ irrespective of whether the 
power line or addrew^M^^ 

Thus, thf InveKtip 
capacitor (Qi) 164 whea^^^^^^ 
5 in proper wprMiig cpndit^ 1/it«^ Addij^oni^jlyi thp^^^^^^^ 

C|^^pitor t^^^ 
drawn from the outptirt^^ 

Aifter tjieise yali^ are pbtainp^^ they ir^^ in prjiier to dpteri^ 

they f^ with|n: the$^^ if ijiieyjlpi n 

10 ;;jiip^iei^ 

line, d failed dddress Ime^ or a f afled ink jet, as itesirecr by ihe designer and/or manofacttirer of the ink jet printer. 
By obtaining these values, it can be determined whether an ink jet printhead has ar;^6fective powar line, or a 
defective address line, ar whether the ink jet nozzle itseH is dafectwe. The comparison of the valuer and A, 
to the threshold values or ranges may be accomplished by any circuit which is welNknown in the electronics arts. 
•15 A significant advantage of the method and system of the invention is that unlike prior art methods and 

systems no series current sensing element (Le., resister), is used. Instead, the method and system of the invention 
measures the time it takes for capacitors supplying power to the ink jet cartridges to discharge by a sniair amount. 
In one embodiment, measurement sequence is as follows; 

1. Command the output voltage of the switching powersupply to shift up by dV and allow it to reach 
20 the new val^fs^^ be accbmpHs^ 

2. Activate ctrCuiti^ t^ te$t] or d<> n^ 
ref erience di^charga r is to be measured. 

3. Command the output voltage of the sv^itching power supply to shift down and start the time 
measurement. This may be accomplished by turning of f the pulNoyyn transistor 1 74, as described abbVe^ ThO: 

25 switching power supply wiO not start switching until the output voltage drops to the commanded value; 

4. When the switching power supply resumes switching, record the time measurement. This will be 
the measured discharge period vifl^^^ 

capacitor 164. 

This technique can ije usW qu»3sceir^ 
30 prlhthciadcart^^ 

cartridge, test the ipthead c jaiindjii^ or test ar^ cbriii^ of thi|$e^ TKe mea^iinsirnen^ 
state is accpiiijUis^^ 
other measurements* 

In one embodiment the above-described measurements ai^e conductedior each address fine and each power 
35 ine, and each mk jet at the startup of the ink jet printer operatton. For example, each power line P, p8 Is 
successively turned on in order to measure the value of the discharge period P„ for each respecthra poyver line. 
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pqiiiyi^ iih^ and the irie^ured niferenbe;^d^^^ the values : 

5 for /ti* 1^^^^^ 

presjBnt ihventte papabte of diiitln^iJisldn^ a failed irilc jet, 

for example; After a defective; or f aili^d^; ele^^ ; this: ihianKerr appiropriate 

actions may then be taken to repair> replace^ or compensate for the damaged element. 

As described above, a method and system is provided having significant advantages and features over the 
10 prior art. In accordance with the invention, if one or more ink jets in a jet group is detected as being nonfunctional : : 
the one or more; nonfunctional jets may be compensated f^^^^ failed jet^s respebtWe jet 

group, litis is accomplished by assigning replacement jef masks to the remaining f^jjcttonal jets within each jet 
group having one or more iionf unctiqi|$i:||ti^ |^ the f $1ed jet(s) 

vwtlu^ 

IB " bf--ndr^^ -llSHfefbt^^ " 

elliimnate c^ 

hpilwiintp^^ adjai^eritfets:*^^ 
fflnt^idniajil^t^^^ 

20 jet grqup;«?r^^^ % this way; y 

- :; ■.:;..;adjab^ 

^ ^^^^ 

mlBt^ 
pip 

25 : prjn^^^ 

V tQ-j^nt^^ 

: of 'a prmtlhg^^Job jqiflro^ miaskto there^^ group: ... 

....;.,:acfii6vedi.., v 

. /30 : . . : Finiaiiy; as d^^^ 

which the current reqo drop across a series^ 

but ratherr by fiiea^^ discharge rate of an output capacrtor cohnected to an output of a switcHihg power 
supply as one or more ink jets of the ink jet printer are fired. This eliminates the need for series resistors which 
dissipate heat and energy, take up space on the printhead carriages, and make the overall operation of the pririthead 
35 carriage less efficient and its manufacture more costly. Additionally, by measuring the discharge rate of the output 
capacitor after an ink jet has been fired, or after a power line to the ink jet has been turned on, or after an address 
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line to the ink jet has been turned on; and comparing these test d^^^ 

Invention provides a way to determine if there Is a defecthre ink jet, a defective power Dne« or a defective address 
line, for example, and to also distinguish between these types of failures* 

The invention may be embodied in other specific forms without departing from its spirit or essential 
5 characteristics. The described embodiments are to be considered in all respect only as Hlostrative and not restricthre. 
The scope of the invehtfon is, therefore, indicated fay the appended claims, rather than by the foregoing description. 
All changes which come within the meaning and range of equivalency of the claims are to be embraced within their 
scope. 
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WHAT IS CUIMED iS: . 

5 a memory^ coupled to the processor, which stores at least one print mask and at least one replacement 

print mask; 

r : f 

i.i:^ 0^^^^ of the printhead; and 

y^^ each ink jet heing assigned to print respective dots 

^:tC( ; ; ; pn a r^^ rdCoj^iiiij iiie^^ 

; memory, wherein when an ink jet is detected as: being defective, at least a: portion of^^^^ 

with : tht pirint me^k alio st^ isach thiit more o^ ink j6ts of the 



3d: 



.15 2. The ink jet printer of Claim 1 wherein: 

l^ing as^^^ 

ink jets are divided into a plurality of jet groups, each jet group having at least one ink jet in each print zone; 
. said print mask includes a plurality of jet group masks corresponding to a respective one of said pIurialitY- 

2fl • of je^^ 

,.;;-;;;;in^^^^^ 

:satd^:^^ 

. ' niiisk f&r a jef g^ having one or morernonfuiibtioria^ reptabemiei^^ji^^^ 
allocates the: printing of dots to the remainth|functibnai m of the ifit group having one or nriore noi^^^^^^ 
25 ink jets so^ 



3. ; An ink-jet printeri compris^^^ 

tfi p^ 

.when:an ink jet is detected as bein^^^ 
pnrithia^kis^ 



A. The printer of Claim^S wherein: . 
said prihtiiead comprises a pluraUty: of print zones; and 
35 said plurality of ink jets comprises a plurality of jet groups, each jet group having at least one ink jet 

correspqi^ing to e^^^ zone, vy herein each jet group is responsible for pr'mting dots on a respective raster fine . 
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of a recording medium, and wherein when an in^ 

in that jet group compensate for the non functional ink jet. 

-5;- -. /The.prlnter::itf:;Gteim;.3i^^^ 

5 said print mask comprises a plurality of jet group mask3« each jet group niM tpmelsfii^ respective 

one of said pluraljty of jet groups^ ea ch fet; grpup niask hayjitjii^^i^ rn^sfc (i^irresi^ 

to a respective ink jet in a respective jet group; and 

said replacement prmt mask comprises a replacement jet group mask which replaces the jet group, mask 
for a jet grbup haying one or more non functional ink icit$.« whefj^ the replacement jet group mask allpcatas the 
10 . • printingsof;^^^ ■ •■ 

as to compensate for the one or more non-futictioital ihk jets. 

6. The printer: of Claim 5 wherein said: repbcemeht jet group mask comprises a pluraTity of 
replacement jet masks, each replacemeat jet mask corresponding to a respective ink jet in a respective jet group 

15 hayingjioiie^o^ 

' ' of dots.td tiie • 
functional ink jets in that jet group. 

7. The printer of Clabn 6 wherein, when an ink jet in a jet group is detected as being nonfunctional 
20 during a printing process, the replacement jet masks assigned to the remaining f unctibha! ink jets in that jet grbup 

successively replace the original jet masks of e^^ ink jet in that jet group one print zone at a time, per 

pass of the printhead over the recording medium, so as to provide a gradual transitmn from the original jet group 
mask to the replacement jet group mask 

25 8> The printer of Claim 3 wherein a first subset of said plurality of ink jets corresponds to a first 

jet group and a secohd subs^^ 

wherein ink jets belonging ^ 
line of a record^^^ 

is detected asieing defectivei the^fi 
30 or ihbre fif thiS:rbmain^^ 

and" ■ ■■" 

wherein ink jets belonging idythe sbcohd 

raster line of the recording medium in accordance wHh a second jet grQup mask^ wh an ink jet tni tha 

second jet group is detected as being defecthre, the second jet group mask is replaced by the replacement jet group 
35 mask such that one or more remaining ink jets in the second jet group compensates for the defective ink jet in the 

second jet group. 
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0^ ilie pnnter of Claim 8 whe»^^ 

said wplat(imiBrtt jet:8^^^ 

^^^^^^^^^^ y^^^ of replacement jet 

masks are assigned to respective ink jets in the first and second jet groups so as to aveid the printing bf: vertically 

r'.^||j^ciB|it 



10. The printer of Claim 9 wherein said plurality of replacement jet masks are sequentially numbe 
and assigned to respective remaining functional ink jets of the first jet group based upon the print zone numbers of 

10 the remaining functional ink: jets such that ascending replacement jet mask numbers correlate with ascending print 
zone numbers; and 

when said first jet group is adjacent to said second jet group, the plurality .^f replacement jet masks are 
assigned to respective remaining functional ink jets of the second jet group based on a rotation scheme such that 

;t^ 

ink jets In one print zone, • ■ — 

11. A method of compensating for nonfunctional ink jets in an ink jet printer wjiicK^ 

. 

pilnl mi^sk^rW bhe or smpre o^ the 

rernaim^t^^^^^^ 

. tfie method^b^^^^ wher^ih sbid prini^ zones wjSer^^ 

: a-pp 

eabtf corresponding t^^ jet group: iS: responsible 

f PT printing dots on a respectWe raster lihe. of a recording .medium, saki print mask comprising . a plura lity of jet group 
30 ; .; masks, each jet group mask corresponding to a respective one of said pluran groups, each jet grbiipimask 

having a plurality of jet masks, each jet mask cdrreispdnding ta reispective ink je^^^^ a respective jei group/ and 

vytierein said act of replacing at least a portion of said prihr 
when a jet group is determined to have one or more nonfunctional jets^ replacing the jet group mask for 

that jet group with a replacement jet group mask which allocates the printing of dots on a respective raster line to 
35 the remaining functional ink jets of that jet group so as to coinpensate for the one or more nonfunctional ink jets 

in that jet group. 
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13. The method of Claim 12 wherein said replacement jet group mask comprises a plurality of 
replacement jet masks, each replacement jet mask corresponding to a respective ink jet in a^^^^^^ 

having one or more non functional ink jets, and wherein the plurality # 

of dots to the remaining functional ink jets n the respective jet group so as to compensate for the nonf 

ink Jets in that jet group, and wherein said act ef replacing said jet group mask with a replacement jet group mask, 

comprises: 

when an ink jet in a jet group is detected as being non-functional during a printing process, successively 
replacing the ordinal jet masks of eadi respecthe ink jet in that jet group with the corresponding replacament jet 
masks assigned te each respective ink jet in that jet group one print zone at a timet per pas$ qi the. prkithoad over 
: the recording medium, so as to provide a gradual transition from the originai jet freup mask to tlie.replacementjet 
group mask 

14. The method of Claim 1 1 wherein a first suliset af jsaid plurality ef ink jets corresponds to a first 
jet group and a second subset of the plurality of ink jets corresponds to a second jet group, and wherein said act 
of replacing at least a portion of said print mask comprises; 

when an ink jet in the first jet group is detected as being defective, replacing a first jet group mask 
corresponding to the first jet group with a replacement jet group mask such that one or more of the remaining ink 
jets in the first jet group compensates for the defecthre ink jet in the first jet group; and 

when an ink jet in the second jet group is detected as being defective, replacing a second jet group mask 
corresponding to the second jet group vvlth the replacment jet group mask such that one er mom 
in the second jet group compensates for the defective ink jet in the second jet group* 

15. The method of Claim 14 wherein said replacement jet group mask comprises a plurality of 
replacement jet masks, each replacement jet mask determining the printing configuration of a^^ 

wherein the niethod further comprises^ when both the first and second jet groups have a nonfunctio 
when said first jet group is adjacent to said second jet group, assigning the plurality of replacement jet masks to 
respective ink jets in the first and second jet groups so as to avoid the printing of vertically: adjacent dots during 
a single pass of said printhead over said recording medhmi. 

16* The method of ;Clatm::15::wh^^^ 
respect!ve^ ink jiets In the first a^^ 

designating each replacement jet mask of said piursility pfrepjap^ 

assigning each replacement jet mask to respective r^mahiing 
iipbh the print zone numbers of the reniathing function jet grdtip such that ascending 

replacement jet mask numbers correlate with ascending print zone ntmibers of the remaining functional ink jets in 
the first jet group; and 
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: order of g^foup 

is rotated wH^^^^ of isisighmeht of the^ p^^^ jet masks to^ respective 

; 5: func^^ print 

zqit^ nifmb^^^ f Uriptional in|( (etsi ih thi^ seconij |^ griuj] is i^H t etf When cOir^af^d^ the carrelation between the 
repiat^i^^ 

assignment of identical replacement jet masks to adjaqent ink jets in one print zone. 

10 17. An ink jet prmter system for detecting a nonfunctional element in an ink jet printhead,. comprising: 

a swhchfng power supply^ coupled to the Inkjet printhead, for supplying power to the printhead; 
an output capacitor, coupled to an output of the switching power supply, f^ storing a dc voltage therein; 
a bleed resistor, coupled in parallel to the output capacitor* for discharging current from the output 

the output capacitor between a low^ state and a tiigh state; and 

a sensor, coupled to the output of the switching power supply, for detecting wheii f liii 

: 



a yjpltag^^^ first resistor and a rsecpnid fesi^^t^^ lii ietts^ v\/ith the first 

resistor, whereirt: directly coupled to saU ioutput node arid ;th$ second resistor 

2S ; ls^^$ 

a pripjem^ ibe piillrddVyn switch Is 

. . :. . tume^^^^ 
:3Q; isliirtoieiddff;^^^^^ 
a rate Vviiich is 



35 



19. The system of Claim 17 wherein: 

said sensor measures said testcurrent by measuring a test discharge period required for said output voltage 
to decrease from said high state to said low state as a result of said output capacitor discharging current through 
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said element which tias> been actrireted; the test di$cli^ 
: :. : whereih 

said sensor measures said reference current by measuring a reference discharge period required for the 
output voltage to decrease from the high state ta the low state as a result of the output capacitor discharging 
5 current thrmiplithe^^b^^ 

iiie system of blaim^ 

2»id printhead^ 

Bnie^Si and m of a pitirailty erf sddre^s iin$$ ip|^ ipcl whfirein, wh ip^ jet is desired to jte te^jed. 

Id its corresinincling ani a|tlrsi^ 

that payyer is^^t^ 

21. An inic jet printer system for^ietecting a nonfunctional element in an ink jet printhead^ comprising: 
means for supplying regulated power to the printhead; 

IB capacitor means, coupled to the means for supplying regulated power/for storing a dc voltage therein; 

means for. discharging currant frond ttie capacitor means; 

means for shifting the dc voltage level stored in the capacitor means between a low state amd a high state; 
means for measuring a test current discharging from the capacitor means when an element of the printhead 
is activated; an*: 

20 means for comparing the measured test current with a reference current which discharges from; the 

capacitor mean$ through only tha means : for dischar|iQ|: wtieii ho : eli^ei^^ 

22. The system of Claim 21 wherein said means for measuring a test current comprises sensor means 
for detecting when tha means for supplying power is providing a pred^^^^ 

•25 ■ * - ■ -. •:• •/::-■•.•:•.-■• • ; • ••- ••■ ■■ --.■•^:v:, .•, . 



23. The system of Qlaim 21 whereiri s^id rn^^ shWting co mpris^ 
means for dividing said dc voltage Ic^^ 
me ans f or ^upplyiri g power whicjb , is; represo^ 

means for adjusting thb. :maans^ M diVidihg siich that:said output voli^gevi^ is adiustabje f rem its low 

■;30"" . .;:j5tate.ta:vit^;tijgK:':state^^^ 



24. The system of Claim 21 wherein: 

said means for measuring said test current includes rneaiis for measufirig a t^^^^^ 
for said dc voltage level to decrease from said high state to said kiw state as a resuh of said capacito 
35 discharging current through an activated element, the test discharge period being inversely proportion test 
current: and wherein 
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S9id means for measuring said reference current includes m^n 
required for the dc voltage level to decrease from the high stgte t^ tji: ^^^^^ 
discharglng curTent through said discharging meansr the ref(^^ 

reference current 



25. A method of detecting a nonfunctional e^^ 

acts of: • • • 

supplying regulated power to the printhead; 

storing the regulated power in a capacitor so as to provide a dc voltage across the capacitor;. 
10 shifting the dc voltage level stored in the capacitor from a low state to a high state; 

allowing the capacitor to discharge sudi that the |ji|yi^^ the high 

state to the low state; ■ ■ • 

measuring a reference current discharging from the capacitor through a bleed resistor^ vyhen no elements 
of the printhead are activated; 

1 5 measuring a test current discharging from the capacitpr and 

comparing the measured test current with the reference current. 

26. The method of Clanni 25; wherein said att p^ 
a switching power: supply is providing an output signal t 

20 output of the switching power supply. 

27. The method: of. Claim 26 wherein said . ab^^^^^^^ 

dividing said dc output voltage level by a desir^C amount so as to provide a f eedbatt v to said 
switching power supply which is representathre of the:^d^ 
25 adjusting the feedback voltage level such that said dc voltage level is a^^^ 

high statei. 

28. The method of Glaim 25 wherein: 

said act of measuring said test current comprises lijieasuriflg a test idispharge.periodi.rejquiredLf^^ 
30 voltage level to decrease from said high state to said low s^^^ 

through an activated element, the test discharge period beirig Merse^ 

said act of measuring said reference current comprises moasurihg a- re^^^ 
for the dc voltage level to decrease from the high state to the low state as a result of the capacitor discharging 
current through said bleed resistor, the reference discharge period being, inversely proportional to the reference 
35 current 
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29. Ari ink jet priritqr ^lys^ 
ihe necessity of 

systiBrnxomp^ 

first means for supplyin^^^^ 
B sei^)nd means for st^ 

so as to provide a dc voltage; 
third moans cpupted 

: into a circuit having a fixed reference resistance; and 

fourth means coupled to said second means for comparing the actual duration of a test discharge 
1Q- periods which corresponds txi the time required to discharge at toast a portion of said storod charge Mo 

said ^jemein^ 

to (ilscjiiaitS i^^ : 
30; . : : ^n ink je^ 

is tha lift^^ 

said pririthead k^^p^^^ 

. . f irst;':means, (or -stpripj^^ 

second:^ m^^^^ to said first means for discharging said stored charge into a circuit 

20 including said inic jet printhead and comparing the actual duration of said discharge period wi^ a 

., predetermined iji^charg 
are activated. 
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